BES Collaboration has recently observed an enhancement near the ωφ threshold in the double OZI suppressed decay J/ψ → γωφ. This ωφ enhancement is probably due to a new J P C = 0 ++ X(1812) state. We discuss a possible assignment that the X(1812) is a 1/ √ 2(uū + dd)g (or ssg) hybrid meson. We suggest further measurements to test these assignments.
Based on a sample of 5.8 × 10
7 J/ψ events, very recently the BES Collaboration has observed an enhancement near threshold in the ωφ invariant mass spectrum from the double OZI suppressed decay of J/ψ → γωφ with a statistical significance of more than 10 σ. As a hadronic resonance state X, this enhancement has the following mass, width, and branching ratio product [1] : 
Moreover, the spin-parity J P C = 0 ++ is favored for X(1812) by a partial wave analysis. J/ψ radiative decays into light hadrons proceed through J/ψ → γgg and are viewed as the glue-rich channels. The striking feature of the X(1812) that it decays substantially to an ω, which is a (1/ √ 2)(uū + dd) meson, and a φ, which is a ss meson, may imply that the X(1812) is unlikely to be an ordinarymeson, because the→+ q ′q′ decays (q and q ′ are of different flavors) should be suppressed, compared with the OZI allowed→′ + q ′q decays. Therefore, the X(1812) is likely to be a new type of hadrons other than the conventionalmesons.
In the following we will discuss a possible assignment for the X(1812). That is, the X(1812) is a qqg hybrid state.
The expected existence of hybrid states is an essential feature of quantum chromodynamics. A hybrid state qqg is made of (qq) 8 , a quark and an antiquark in color-octet, combined with an excited gluon g. Hybrid states have been extensively studied in various approaches such as the constituent gluon model [2] , the flux tube model [3] , the bag model [4, 5] , the QCD sum rules [6] , and the lattice QCD [7, 8] . The experimental status for hybrid states can be found in a minireview for "Non-qq candidates" written by the Particle Data Group [9] . As a more fundamental theoretical approach for hybrid studies, lattice QCD has made interesting progress and shows that for an exotic spin-parity J P C = 1 −+ hybrid, which does not mix with ordinarymesons and is then a "pure" hybrid state, the mass is estimated to be in the range 2.0(2) GeV for s quarks, and 1.9(2) GeV for u, d quarks. The decay has also been studied for the heavy quark hybrid, for which the dominant decay mode is the string de-excitation into a flavor singlet meson, and the magnitude of the decay width is found to be of order 100 MeV [7] . Although the hadronic decays for light-quark hybrid mesons has not been explored, the above lattice QCD results do shed light on a rough estimate of decay widths and modes for light-quark hybrids. Concerning the X(1812) observed by BES, it seems that its mass, total width, and decay modes in particular, might be compatible with a 0 ++ light-quark (1/ √ 2)(uū + dd)g hybrid state. In the flux tube model the mass of 0 ++ hybrid is higher than that of 1
−+ as well), but considering the exiting theoretical uncertainties including the effects of mixing with other 0 ++ states, a mass of 1812 MeV for the 0 ++ hybrid does not seem to be unacceptable. At present it is still premature to make precise quantitative predictions for hybrid states due to our limited understanding of nonperturbative dynamics. Therefore we will focus on some distinctively qualitative features of the hybrid states and discuss a possible hybrid meson interpretation for the X(1812).
As already noted in [5, 12] , the decay into ωφ can be a distinctive feature of 0 ++ and 2
++
qqg hybrid states including both (1/ √ 2)(uū + dd)g [5] and ssg states [12] . Since for the X(1812) the ωφ mode is the only decay channel observed so far, it is natural to propose that the X(1812) be a possible candidate of the 0 ++ qqg states. We first use a bag model estimation. In the spherical approximation of the bag model, thecan couple to either the TE (transverse electric) or the TM (transverse magnetic) gluon. The TE mode has an axial vector quantum number J P C = 1 +− , while the TM mode has J P C = 1 −− [5] . Moreover, in this model it was found that the TE gluon couples in the s-channel to uū, dd, and ss in an approximately flavor symmetric way, whereas the TM gluon couples to ss much stronger than to uū and dd [5] . In this model, we may assign X(1812) as the 0
, which has a mass in the range 1.51-1.90 GeV. Note that in this model the gluon excitation g T M couples dominantly to a color-octet ss, so we would approximately have
and expect this hybrid to decay via
Here the color-octet quark pairs ω 8 φ 8 hadronize into color-singlet meson pairs by gluon exchange into ωφ (without spin flip), and ηη, ηη ′ (with spin flip) or quark rearrangement into K * K * , KK. The long-ranged color-electric force can induce the non-spin-flip transition, whereas shortranged color-magnetic force causes the spin-flip transition. If the long-ranged color-electric force is stronger than the short-ranged color-magnetic force, we would expect the ωφ decay to be stronger than the ηη, ηη ′ decays. Furthermore, if the hybrid decay proceeds mainly via string de-excitation into a flavor singlet meson, as indicated by the lattice calculation for the heavy quark hybrid meson (the 1 −+ charmonium hybrid ccg mainly dceays into χ c1 + σ with σ → ππ) [7] , we would expect the ωφ decay to be also stronger than the K * K * , KK decays. One of the distinctive features in this model is that the decay into ωω will be much weaker than into ωφ. Moreover, in this model, we would predict the existence of the s quark partner of the u, d quark hybrid X ′ , and its decay modes
Here the X ′ has J P C = 0 ++ and its mass may be roughly estimated to be ranging from 2000 to 2100 MeV by taking the mass difference between s quark and u, d quark to be 100-150 MeV.
However, if the mass of X ′ is below the φφ threshold, its φφ decay mode would not be observed. In any case, if this model prediction makes sense, a weak signal of 0 ++ X(1812) → ωω, and a strong signal of 0 ++ X ′ (2040 − 2100) → φφ should be observable experimentally. We note that the MarIII Collaboration [10] reported that the J/ψ → γωω decay has a branching ratio of (1.76 ± 0.09 ± 0.45) × 10 −3 and the ωω invariant mass distribution peaks at 1.8 GeV, but the ωω system below 2 GeV is predominantly pseudoscalar. Similar results were also reported by the DM2 Collaboration [11] . It is therefore very desirable to check the BES data for this channel to see if there is a J P C = 0 ++ ωω component in the peak of 1.8 GeV. We now turn into a more general discussion by assuming that the gluon couples to the color-octet uū, dd, ss symmetrically in the decay of hybrid state ( 
If this is the case, then the X(1812) would have stronger decay into ωω than φφ, and stronger decay into ππ than KK. These predictions may also be tested by experiment. We might also interpret the X(1812) as the ssg hybrid meson. Then it would not decay into ωω. However, its mass is too small, compared with most predictions of theoretical models and lattice QCD calculations.
Note added. Related to the BES result recently reported in [1] , a paper [13] proposed a fourquark state interpretation for the X(1812); and another subsequent paper [14] focused on the mixing between 0 ++mesons, glueballs, and qqg hybrids, and used the f 0 (1790)=1/ √ 2(uū + dd)g as input and then found X(1812) to be mainly the ssg hybrid state.
